The effect of interferon on delayed-type hypersensitivity to picryl chloride and sheep erythrocytes was examined in the mouse. When administered to sensitized animals on the day .before or the day of challenge, tissue culture interferon inhibited both the ear swelling induced by picryl chloride and footpad swelling induced by sheep erythrocytes. Newcastle disease virus, when injected into sensitized If-11 or If-14 congenic mice a few hours before challenge, caused an inhibition of delayedtype hypersensitivity which could be related to the amount of serum interferon induced by the virus. These results indicate that interferon production may represent one of the factors responsible for the depression of cell-mediated immune reactions during virus infection.
The temporary decrease of cell-mediated immune reactions during virus infection is a well-known phenomenon, the mechanism of which has remained largely unexplained. The classic observation in this field was made in 1907 by von Pirquet, who described a decreased reactivity to the tuberculin skin test as a result of infection with measles virus; it has since been repeatedly confirmed and studied in great detail (1) . Moreover, depression of tuberculin sensitivity in man also occurs after infection with varicella, influenza, and rubella virus, as well as after vaccination with measles, polio, yellow fever, and mumps virus (2) (3) (4) (5) (6) (7) (8) . Similar effects have been reported in animals; for example, using skin allograft survival as a measure of cell-mediated immunity, Howard et al. showed that graft survival times were significantly prolonged in mice infected with lactic dehydrogenase virus shortly before or after grafting, and there are many other examples of immunodepression in animals after virus infection (9) (10) (11) . One common denominator of all virus infections being the production of interferon, we have examined the possibility that interferon is capable of decreasing cell-mediated immune reactions in vivo. There were some good reasons for considering the role of interferon: the prolongation of skin allograft survival described in mice after administration of phytohemagglutinin or concanavalin A, two lectins that are also interferon inducers, and the fact that interferon has been shown to inhibit the proliferative phase of the one-way mixed lymphocyte reaction, which is considered by many to be an in vitro correlate of allograft rejection (12) (13) (14) (15) (16) (17) . As a first model of cellmediated immunity, we have studied skin graft rejection in mice across an H-2 barrier, and a small but significant prolongation of graft survival after treatment of recipient mice with either interferon inducers or interferon preparations was observed (18, 19) . The effect of interferon preparations was independently confirmed by Hirsch et al. (20) . In the present study, the effect of interferon on delayed-type hypersensitivity in mice was examined, using two different approaches:
(1) interferon induction with Newcastle disease virus (NDV) in high-and low-interferon-producing congenic mice, (2) administration of tissue-culture-made crude or purified interferon.
MATERIALS AND METHODS
Induction of Delayed-Type Hypersensitivity (DTH) was obtained using either picryl chloride (PC) Viruses Used to Induce Interferon. Both NDV and Sendai virus stock suspensions were grown in the allantoic cavity of chicken embryos. To obtain suitable virus concentrations for the experiments, the stock suspensions were diluted out in phosphate-buffered saline. Control animals received comparable dilutions of plain allantoic fluid. All virus suspensions were administered intravenously into the right retro-orbital sinus; under these conditions, serum interferon levels reach peak values about 9 hr after inoculation of NDV and 12 hr after inoculation of Sendai. In both cases, levels are essentially back to zero values 24 hr after inoculation.
Alice have been maintained at Orsay for about 10 generations and are originally from D. Bailey's colony at the Jackson Laboratory, Bar Harbor, Maine. The origin of the CXBH strain has been described by Bailey (23) .
If 1" (HWi1O) and If-l 1 (HWT 97) Congenic Alice. The levels of interferon released into the circulation of mice upon intravenous inoculation of Newcastle disease virus are influenced by the If-i locus (24) . Mice homozygous for the If-i1, or lowproducer, allele produce about 10 times less serum interferon than do mice homozygous at the If-ih, or high-producer, allele. The If-I locus exclusively affects NDV-induced serum interferon and has no effect on interferon levels induced by other viruses. Congenic mice, differing only at the allele for the If-I locus, are available. They are designated by the symbol B6.C-H-28c-If-1h or briefly HW110 for the high-producer strain and B6.C-H-28c-If-1l Or briefly HW97 for the lowproducer strain (25) . These animals are genetically identical as far as all other identifiable loci are concerned. They are, therefore, ideally suited for an investigation on the effects of interferon since, when inoculated with the same amount of NDV, they differ only by their serum interferon levels on an otherwise identical genetic background. Consequently, only phenomena affected by interferon levels will be influenced differently in these mice. In contrast, if another virus, for example Sendai, is inoculated, interferon production is identical in both strains.
Preparation of Interferon. Tissue culture interferon was made either in mouse L cell cultures or in C-243 cell cultures (26) . NDV was used as inducer, and no serum was present during interferon production. Mock interferon was made under identical conditions, except that allantoic fluid instead of NDV was applied to the cells. Twenty-four hours after induction, the culture media were harvested, acidified to pH 2 with HCl, and kept at 40 for 2 weeks. Then, after readjustment of the pH to 7 with NaOH, the ensuing precipitate was removed by centrifugation and the liquids were stored at -30°until use. Interferon activity was measured in a vesicular stomatitis virus plaque reduction assay in mouse embryo fibroblast cultures. The titer of the interferon made bv C-243 cells was 7.1 X 105 units/ml with a specific activity of 7.1 X 106 units/mg of protein. The titer of the interferon made by L cells was 9 X 104 units/ml and its specific activity was 6.4 X 10" units/mg of protein.
Purified L Cell Interferon was obtained using the method of Sipe et al. (27) . Its titer was 2.8 X 106 units/ml with a specific activity of 3.8 X 108 units/mg of protein.
Statolon, a double-stranded RNA mycophage which is an interferon inducer in mice (28) (Fig. 1) . The results showed unequivocally that the decreased responsiveness was influenced by the If-i locus, since in the If-] congenic strain NDV was without effect, as opposed to the If-i" strain, in which it provoked a significant inhibition of DTH reaction. On the other hand, the inoculation of Sendai virus decreased ear swelling to the same extent in both strains. This strongly suggested that interferon was indeed responsible for the decreased reactivity observed after virus inoculation. Further evidence for this was sought by examining the effect of tissue culture interferon.
Effect of L-Cell Interferon. Interferon prepared in L cells was administered to sensitized mice, on the day before and the day of picryl chloride challenge. Each animal received four daily subcutaneous inoculations of 0.5 ml; the last injection was given 1 hr before challenging. The total amount received was thus 3.6 X 105 units. One control group received mock interferon, and another one was not given any treatment besides picryl chloride sensitization. Examination of ear swelling in the three groups 24 hr after challenge showed a significant inhibitory effect of interferon administration (Fig.  2) . The result of the macroscopic examination was confirmed by the histological examination of ears from both control and interferon-treated groups.
Sheep-erythrocyte-induced DTH
Essentially the same approach was followed to examine the effect of interferon on DTH to sheep erythrocytes as measured by footpad swelling. (Fig. 3) . The results of this experiment were completely in line with those obtained in picryl-chloride-sensitized mice, and showed again an effect of NDV in If-l mice as opposed to lack of effect in If-l animals. Sendai virus had an identical, inhibitory effect, in both strains.
Effect of Treatment with C-243 Interferon. Interferon or mock interferon was administered intraperitoneally to sensitized CXBH mice as follows: on the day before challenging, 1 ml in the morning and 1 ml in late afternoon; on the day of challenge and 1 hr before the latter, each animal received a third and final inoculation of interferon, 28 hr after the first. The total amount of interferon received was 2.1 X 106 units. This treatment resulted in a very significant (P < 0.01) inhibition of footpad swelling, when measured 24 hr after inoculation of the sheep erythrocytes challenge into the left footpad (Fig. 4) .
Effect of Interferon Purified by Affinity Chromatography.
Before using the highly purified material, and to prevent loss through inactivation or adsorption to container walls, we added 1% of serum, derived from mice of the same strain as the one in which the experiment was performed. Both control material and interferon were administered intraperitoneally (1 ml per inoculation). Four inoculations were given on the day of footpad challenge; each animal receiving a total of 1.1 X 107 units. The observed inhibition of footpad swelling was even more pronounced than in the experiment with the unpurified material; this can probably be ascribed to the fact that five times as much interferon had been employed (Fig.  5) . Absence of inflammation in the treatment group was confirmed by histopathological examination. merely confirms the observations made by others concerning the depression of the cell-mediated immune response after virus infection. The results obtained in the congenic strains are, therefore, of paramount importance, since they indicate very strongly that the effect is due to interferon. Indeed, an identical amount of virus is with or without effect depending on how much interferon is released into the circulation. Nevertheless, the differential effect observed in the congenic strains, though highly suggestive, does not constitute absolute proof, since such animals are never truly co-isogenic and the theoretical objection remains that If-I could be very tightly linked to a hypothetical gene, with effect on DTH after inoculation of NDV. This objection is eliminated by the observation that exogenous, tissue-culture-made interferon also decreases DTH, and in this respect the results obtained with interferon purified by affinity chromatography are particularly convincing.
Thus, interferon, which is produced as a result of most virus infections in vivo, undoubtedly plays a role in the decreased cell-mediated immune response observed during or after such infections. Whether this is a major or a minor role cannot be deduced from the present experiments. However, at least in the mouse model studied, relatively little interferon seems to be required to obtain the effect, since, for example, a total of 2.1 X 10 units, given intraperitoneally, was capable of decreasing footpad swelling to a significant extent.
The results of the present study are in line with the previously published effect on allograft survival; taken together with the work of other groups on the in vivo and in vitro inhibition of antibody formation to sheep erythrocytes (29) (30) (31) (32) , there remains no doubt that interferon has general immunodepressive properties. This poses some intriguing questions. It appears paradoxical that a substance, made by virusinfected cells and having antiviral activity, is endowed with the capacity to depress cell-mediated immunity, which plays an important role in the recovery from viral disease. Possibly, interferon production in virus-infected tissues may not always be as beneficial to the host as one might have been led to believe. For example, in the case of infection with an oncogenic virus, interferon produced in or near transformed cells could conceivably prevent (thymus-derived) T cells from destroying these cells, and favor their survival. In this respect it is pertinent to recall some experiments of Gazdar et al., showing that under certain well-defined conditions of timing and route of administration, interferon can favor tumor growth (33, 34) . On the other hand, if the infection takes place with a nontransforming virus, there may be some benefit in having at the site of infection a substance that actually limits cellmediated immune reactions. Indeed it is known that antigenic components of viruses can be incorporated into cell membrane(s), and Lawrence has proposed that this could trigger auto-immune reactions (35, 36) .
In the present study only the effect on the efferent limb of DTH was examined. The possibility of an effect on the afferent limb, i.e., the actual sensitization, was not investigated but certainly this aspect also merits attention.
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